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ABSTRACT

New biostratigraphic data from co-occurring radiolarians and ammonites in
Upper Jurassic sequences of the Antarctic Peninsula (Byers Peninsula on
Livingston Island and Longing Gap, Graham Land), permit a revised and
more refined regional stratigrapliy. The new data also allow a revision of the
chronostratigraphic assignment of some American radiolarian zones establi-
shed by Pessagno and collaborators: the boundary of Zone 3-4 is assigned to
the latest Kimmeridgian, contrasting the former assignmenr to the carly/late
Tithonian boundary. The boundary between Subzone 4 beta and 4 alpha is
assigned to the early Tithonian, but was usually correlared with the early late
Tithonian/late late Tithonian boundary. The new chronoscrarigraphic dara
from Antarctica are used together with recent results of Baumgartner and
collaborators to revise the age assignment of the North American Late
Jurassic radiolarian zones.
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RESUME

Stratigraphie combinée de radiolaires et anmonites du Jurassique supérieur de la
péninsule Antarctique : implications pour la stratigraphic des radiolaires.

De nouvelles données biostratigraphigues obtenues & paitir de co-occurences
de radiolaires et ammonites dans les séries du Jurassique supéricur de la
péninsule Anwarctique {péninsule Byers sur I'ile de Livingsron er de Longing
Gap, Graham Land), permettent de réviser et affiner une seracigraphie régio-
nale. Les nouvelles données permetrent aussi une révision des arrributions
chronostratigraphiques de quelques zonations de radiolaires américaines éta-
blies par Pessagno et ses collaboratents ¢ Ja limite de la zone 3-4 est assignée
au Kimméridgien le plus tardif, contrastant ainsi svec la précédente assigna-
tion & la limite Thchonien précoce-tardif. La limite entre la sous-zone 4 beta
et 4 alpha est assignée au Tichonien inférieur mais fut habituellement corre-
Iée avec la limite entre les parties inféricure et supérieure du Tithonien supé-
rieur. [es nauvelles données chrapostratigraphiques de PAntarctique sont
utilisées en méme temps que les résultats récents de Baumgartner ct ses colla-
borateurs pour téviser les artriburions d’age des zones a radiolaires du
Jurassique supéricur d’Amérique du Nord.

INTRODUCTION

Although Upper Jurassic sequences with co-
occurring radiolarians and ammonites were
continuously reported in the last few years (c.g,
Pessagno et al. 1987a, b; O'Dogherty et al. 1989,
1995; Pujana 1989, 1991, 1996; Baumgartner et
al. 1995b; Ziigel 1997), such findings can still be
regarded exceptivonal. Hence, new sections yiel-
ding bath radiolarian and ammaonite faunas are
of high value for the improvement of biostrati-
graphy.

Late Jurassic mudstone sequences of the
Antarcric Peninsula contain relatively well-preser-
ved ammonites and radiolarians at several locali-
ties. Two sections are described in this paper.
The sections belong to the Anchorage Formation
(Byers Peninsula, Liviugston Island) and
Ameghino (= Nordenskjsld) Formation
(Longing Gap, Graham Land), respectively.
Stratigraphically important macrotossils (ammo-
nites, aptychi, belemnites, bivalves) as well as
microfossils (radiolarians) were found in the
same scctions and sometimes even in the same
samples.

The ammonite fauna in the sequences is mainly
composed of cosmopolitan or Tethyan elements
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showing no significant differences from Tethyan
or other eastern Pacific sites on a genus level.
Hence, ammonites allow a fairly straightforward
chronostratigraphic assignment.

The excellenty preserved radiolarian faunas reco-
vered from carhonate concretions exhibit a pro-
nounced Austral aspect (Kiessling & Scasso
1996). Nevertheless, they can be linked to the
North American standard zonation (Pessagno et
ol 1993, 1994) and allow a detailed biostratigra-
phic subdivision. However, the chronostratigra-
phic radiolarian ages are always in slighr
disagreement with ammonite ages.

ln this paper we provide a revised chronostrati-
graphic assignment of the Kimmeridgian/
Tithonian North American radiolarian zones
established by Pessagno et al. (1984, 1987b,
1993) and evaluate the applicability of other

radiolanian zonarions in Antarctica.

GEOLOGICAL SETTING

The Antaraic Peninsula formed a separate plate
which was situated in southern high latitudes
during Late Jurassic time (see review in Kiessling
& Scasso 1996).
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Fia. 1. — Geological map of the northeastern Antarctic Peninsula (Graham Land). The studied localities are printed in bold.

This region is characterized by an almost conti-
nuous magmatic activity from the Early Jurassic
to the Miocene (Barker es a/. 1991; Leat &
Scarrow 1994), similar to the southernmost
Andes. During the Jurassic period, the eastward
subduction of the Pacific Phoenix Plate led to
the development of a calc-alkaline magmatic arc
(Antarctic 'eninsula Voleanic Group) with volca-
niclastic sequences in the fore-arc and back-arc
areas. The magmatic arc is thought to have for-
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med partly on pre-existing continental crust
(Hervé et al. 1996).

Back-arc of the Antarctic Peninsula volcaniclastic
sediments and anoxic radiolarian-rich mudstones
are supposed to unconformably overlay an older
accretionary complex, the Trinity Peninsula
Group. The mudstone sequence belongs to the
mainly Upper Jurassic Ameghino Formation
(Medina & Ramos 1981; Medina et 2/ 1983)
also known as Nordenskjsld Formation
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(Farquharson 1982, 1983) which forms the basal
sedimentary infill of the Larsen Basin in the
northeastern Antarctic Peninsula (Macdonald ¢
al. 1988). The basin conrins approximately
6000 m of epi- and volcaniclastic sediments
deposited from the Late Jurassic to the Paleo-
gene. Qurcrops of the Ameghino Formation are
scattered along the eastern coast of Graham Land
(Fig. 1). They are either isolated by surroundmg
ice-masses or found in complex tectonic contact
to other rocks.

The Late Jurassic Anchorage Formation is the
chronostratigraphic equivalent of the Ameghino
Formation in the fore-arc region (Pirrie &
Crame 1995), As in the Ameghino Formation
mudstones and tuffs prevail, but additional sand-
stone beds are intercalated, The Anchorage
Formation forms the base of a 1000 m thick
sequence (Byers Group) ranging from the
Kimmeridgian to the Valanginian (Crame er «l.
1993). The Anchorage Formation is only expo-
sed on Byers Peninsula, Livingston Island.

LOCALITY DESCRIPTIONS

LONGING GAP

Longing Gap is situared ar the Nordenskjsld
Coast (Larsen Inlet) of northern Graham Land
(Fig. 1). The area without permanent ice cover
extends some 4 km in a north-south direction
and a maximum of 1.5 km 10 an cast-west direc-
tion (Fig. 2) and is surrounded by glaciers.
Longing Gap is the type locality of the
Ameghino Formation and anly rocks assigned 1o
the Ameghino Formation are exposed there. The
geological structure is a wide syncline with a
nearly east-west ariented axis, Beds dip to the
south at cthe northern margin of the exposure;
they lic horizontal in the southern part, and dip
gently 1o the north at the southernmost margin.
Minor faults are present, but no significant offset
was noticed.

The sedimentary succession consists of black
mudstones and gray tuffs, Bath lithologies are
tightly intercalated or mixed. Additionally, calci-
te concretions are common throughout the sec-
tion reaching 3 m in diameter. They occur in
mudstones as well as in tuffs, but mudstone
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Fig. 2. — Outcrop of the Ameghino Formation at Longing Gap.
The profile line tor radiolarian samples, important concretion
levels and ammonite locations, and lhe ages provided by
ammonites are indicated.

concretions are generally Jarger. At the base of
the succession mudstones predominate, while
towards the top tuff beds become increasingly
abundant. This trend led Whitham & Doyle
(1989) 1o distinguish two members: a lower
Longing Member and a higher “Ameghino”
Member. Although there is a continuous transi-
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tion, the division proposed by these authors is
followed in this paper. Owing to the relatively
poor exposute quality of the succession it is difti-
cult to determine the total thickness. Whitham
& Doyle (1989) have estimaied a thickness of
450 m for the Ameghino Formation ar Longing
Gap, but Scasso & Villar (1993) mention
600 m. New geodetic results from our tield cam-
paign (Santisteban 1997) indicate a total thick-
ness of 580 m. The lower Longing Member is
420 m rhick, whereas the uppet "Ameghino”
Member is 160 m thick (Fig. 3).

The black mudstones in both members are lami-
nated or structureless. The tuffs are often graded
and show undulate bases due to loading. The
tuff layets are interprered as pelagic deposits of
air-fall ashes, relared to single volcanic events
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(Whitham 1993). Intense silicification is fre-
quenr (Scasso ef al. 1991). Mudstones as well as
tuff beds are laterally continuous. Current sedi-
mentary structures are rare and no influence of
(storm) wave activity 1s evident. Slumps are very
rare and small.

The depasitional environment of the Ameghino
Farmation is assigned to an anoxic o dysoxic
basin, according to Farquharson (1983), Doyle
& Whitham (1991) and Whitham (1993).
Anoxic conditions prevailed especially in the
Longing Member: this is indicated by the often
lacking bioturbation and rare hortizons with ben-
thonic tossils as well as by geochemical indicators
(Scasso & Villar, 1993). In the "Ameghine”
Member moderately intense bioturbation
(Zoophycos, Chondrites, Planolites) and a conse-
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quent destruction of lamination indicate dysae- than the "Ameghino” Member. Only about one
robic conditions. fourth of the Longing Member is exposed in
The Longing Member is more poorly exposed  place, whereas more than half of the "Ameghino”
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Member is well exposed. However, with the
exception of some small displacements due to
cryoturbation, most of the loose blocks forming
the scree cover can be considered in place. This is
indicated by weathered carbonate concretions
that are perfectly rraced in the scree, Therelore, it
was possible to get a complete scction of the
Ameghino Formation at Longing Gap.

The sequence contains common macrofossils
(ammonites, belemnites, bivalves, aptychi, fishes,
driftwood) allowing a stratigraphic subdivision.
We emphasize on ammonites in this paper.
Although the microtauna is diverse as well
(radiolarians, sponge spicules, toraminifera, paly-
nomorphs}, we exclusively refer to radiolarians
herein. The ammonites, like most other macro-
fossils, are particularly enriched in certain hori-
zons, which are often widely separated.
Radiolarians are only well preserved in carbonate
concretions. However, the concretions are conti-
nuously distribured in the Longing Gap Section.
As a consequence the radiolarian documentation
is more continuous than the ammonite docu-
mengation.

BYERS PENINSULA

The Anchorage Formation was defined by
Crame et al. (1993). It is composed of dark gray
to black mudstones interbedded with sandstones
and twuffs. Its true boundaries have not been
observed. Alehough it is separated from the over-
laying Betriasian President Beaches Formation by
a faulr, facies analysis indicates a transitional
change berween this two units.

Detailed mapping (Lopetrone 1997) allowed the
recognition of several Anchorage Formation out-
crops in fault-bounded blocks showing different
facies associations. Crame ¢t al. (1993) suggested
a minimum thickness of the compaosite section of
105 m. A composite section quite different and
difficulr to march with the one of Crame er al.
(1993) resulted from our work (Fig. 4), probably
as a consequence of the structural complexity of
the area. The integrated thickness of the
Anchorage Formation is close to 120 m inclu-
ding an uppermuost sequence transitional to the
President Beaches Farmation,

The whole sequence i1s composed of radiolarian-
rich mudstones with intercalations of ruffs and —
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in contrast to the Ameghino Formation — sand-
stone beds (see Pirrie & Crame 1999, for a detai-
led description). The sandstone beds reach up to
80 cm in thickness and show evidence of turbidi-
tic sedimentation, Carbonate concretions occur
throughour the section. However, they are smal-
ler than at Longing Gap and many are silicified.
As in the Ameghino Formation there is a shift
from parallel-laminated to intensely bioturbared
mudstones within the sequence.

Our composite section is compased of four inter-
vals. The lowermost exposure is about 11 m
thick. [t is separated [rom the middle part by a
fault with uncertain olfset. This middle part is
about 55 m thick. A one meter thick conglome-
rate occurs at the top of this part of the section,
The upper two parts of the section reach a com-
posite thickness of uround 50 m and are predo-
minated by sandstones and conglomerates.

In contrast to Longing Gap, age diagnostic
macrofossils are relarively rare on Byers
Peninsula. Drifrwoed, bivalves, belemnites, and a
few ammonites could be recovered. The carbona-
te concretions bear very well preserved radiola-
rian faunas in the middle section.

FAUNAL CHARACTERISTICS

Owing to the high paleolatitude of the Antarctic
Peninsula the fossils are expected to show biogeo-
graphical diffetences as compared with lower
paleolatitude sites. Since paleabiogeography has
some impact on stratigraphic correlation we
shortly discuss biogeographical affinities of both
ammonites and radiolarians below.

Ammonites are aftected by the high latitude
depositional environment by their reduced divet-
sity and some motphological modifications.
With the probable exception of Blanfordiceras, all
Antarctic genera are to be found in Tethyan sec-
tiens as well. There is no striking evidence for an
Austral ammonite province in the Tithonian
which could be equivalent to the Northern
Hemisphere Boreal provinces (Callomon in
Hillebrandc ez w/. 1992, but see also Enay &
Cariou 1997).

In contrast, the radiolarians display a pronoun-
ced Austral aspect, both in the Ameghino
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Fia. 5. — Age diagnostic radiolafians irom Byers Peninsula (LI) and Longing Gap (K. LG). A, Bivallupus mexicanus Pessagno &
MacLeod, etched concretion cut paraflel to bedding (K 20-1); B, Loopus primitivus (Matsuoka & Yao) (LI 31); €., Tethysefia boesii gr.
(Parona) (K 44); D, Parvicingula coleman! Pessagno & Bioma (K 25); B, Parvicingula excelsa Pessagno & Biome (LG 1);
F, Crucella theokattensis Baumganner (K 14-1); G, Tritrabs rhododactvius Baumgartner {LI 31); H, Acanthoeircus luridsis Jud
(LI 31); I, Vallupus hopsoni Pessagno & Blome s.1, very small specimen (L1 44); J, Perispyridium ordinanum (Fessagno) ar. (K 6);
K, Haliodictya (?) antiqua (Rust) s.{. (K 14-1); L, Acasmiotyle parva Yang = Acaeniotyle umbilicata (Rust) gr. (K 13); M, Sethocapsa
trachyostraca Foreman (K 13); N, Gongylothorax favosus Dumitrica (K 4); O, Suna echiodes (Foreman) s.l. (LI 13). See Kiessling
(1999} for figures of additional age diagnostic radiolarians. Scale bar: A, 76 ym; B, |, M, N, 50 pm; C-H, J-L, O, 100 pm.
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Formation and in the Anchorage Formation.
The faunas exhibit typical high latitude characte-
ristics as indicated by the predominance of
Parvicingula/Praeparvicingula (Fig. 5D, E). The
Antarctic faunas are especially similar to the
Southern Boreal Province as defined by Pessagno
& Blome (1986), Pessagno et al. (1993), and
Hull (1997). Both the Austral Province and the
Southern Boreal Province have many species in
common and share featares such as the fluctua-
ting pantanelliid abundance and the high diversi-
ty of Parvicingila (Hull 1995; Kiessling 1999).
Compared with faunas from equivalent laticudes
on the Northern Hemisphere, Pantanelliidae are
considerably more abundant (Kiessling & Scasso
1996). Typical Tethyan taxa such as Jiitrabs and
Podocapsa are rare but present. Vallupus hopsoni
and other vallupins are present, which is very
useful for stratigraphic correlation. Hsyum and
Perispyridium are as common as in Techyan sec-
tions and can also be used for global correlations.
However, the stratigraphically important
Tethyan taxa Mirifisus, Ristola, and Acanthocircus
dicranacanthos (Squinabol) are totally absent in
Antarctica which limits: the correlation wich
Tethyan sections.

A selection of stratigraphically important radiola-
rians is shown in Figure 5. A more comprehensi-
ve taxonomic framework is provided by Kiessling

(1999).

STRATIGRAPHY

Former ammonite and bivalve data suggested an
age range of Kimmeridgian/early Tithonian to
late Tithonian/Berriasian for the investigated sec-
tions (Whitham & Doyle 1989; Crame et /.
1993; Pirric & Crame 1995). Our new material
is essentially in agreement with previous designa-
tions, but we are now able 1o provide a more
detailed stratigraphic subdivision.

The first stratigraphic subdivision of the Longing
Gap Section based on radiolarians was proposed
by Kiessling & Scasso (1996) and Kiessling
(1996). Referring to the North American stan-
dard zonation the authors came to the conclu-
sion that the age range of the Ameghino
Formation is early Tithonian to Berriasian. Our
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new matetial shows that although the radiolarian
zonation of the sequence is still valid, the chro-
nostratigraphic calibration necds to be revised.

The discussion of ammonite ages relics on com-
parisons with Antarctic, Argentinean, European,
and Himalayan zonations, whereas the radiola-
rian zones are first exclusively compared with the
North American zonation of Pessagno et al.

(1984, 1987, 1993, 1994) and Hull (1997).

STRATIGRAPHY OF LONGING GAP

Ammonites (A. Zeiss and A, C. Riccards)

The: first ammonite from Longing Gap, a Late
Jurassic Perisphinctes sp., was mentioned by
Bibby (1966). Fursther investigations were under-
taken by Medina & Ramos (1981, 1983),
Thomson (1982), Farquharson (1983), Medina
et al. (1983), Zeiss (manuscript 1985), Whitham
& Doyle (1989), and Doyle & Whitham (1991).
New material was collected during the
Argentinean Ancarctic field campaign (1993/
1994) by Scasso, Santistcban and Kiessling. Most
ammonites are difficult to identify. as incomplete
and crushed specimens prevail; often only
impressions of crushed ammonites are available.
Therefore, many determinations are obtained
not with the same security as from beteer preser-
ved material; this should be kept in mind when
using the determinations below.

From base 10 top we can identify the following
macrofossils (horizons are numbered according
to the closest concretion level, Fig. 3):

K 16 [LG 11]. Virgataxioceras ck. setatoides
(Berckhemer & Halder) (Fig. 6F): the impres-
sion of a crushed perisphincrid ammonite with
relatively coarse ribs. Ribs predominantly bifur-
cating, but sometimes trifurcating (“polygyrate™).
The ribhing style resembles somewhar that of
“Perisphinctes” uracensis (Berckhemer & Halder,
1959, pl. 7/35), but the ribs are branching a lit-
tle deeper near the middle of the flanks and the
secondaries are somewhat more inclined, Thus,
the specimen fits better to a paratype of
Virgataxioceras setatoides (Berckhemer 8 Hélder
1959, Fig, 30).

K 16 (LG 4]. Virgataxioceras cf. setatoides
(Berckhemer & Haélder): an impression of a cru-
shed Virgataxioceras. The specimen is rather close
to Virgataxioceras setatordes (Berckhemer &
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Fia. 6. — Age diagnostic ammonites from Longing Gap. A, 7 Virgatosphinctes densistriatus (Steuer) (LG 20); B, Virgatosphinctes
aff. austrafis (Burckhardt) (LG 25}, €, Taramelliceras cf. prolithographicum (Fontannes) (LG 16(1)]; D, Aulacosphinctoides (?) sp. juv.
[LG 16(2)}; €, Subplanitoides cf. oppeli Zeiss [LG 9(2)], F, Virgataxioceras of. setatoides (Berckhemer & Holder) (LG 11). Scale bar:

1cm.
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Fig. 7 — Age diagnostic ammonites from Longing Gap.
A, Neochetoceras (?) sp. [LG 9(1); B, Kossmatia (?) ct. tenuis-
triata (Gray) (LG 3); G, Virgatosphinctes alternecostatus
(Steiger) (LG 29). Scale bars: 1 cm.

Holder 1959, fig. 31). The shape and the ribbing

style agree well. Ditferences are indicated by the
somewhat more rigid recticostate and denser rib-
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bing as well as by the branching point of the ribs
situated a lirtle deeper on our specimen.

K 16 |LG 6]. ?Virgataxioceras ct. setatoides
(Berckhemer & Hélder): a rather poorly preser-
ved specimen. Considering shape and ribbing
style it seems to belong to the above described
species or to a related late Kimmeridgian peri-
sphinctid. A similar specimen has been described
from the Antalo Limestone of Ethiopia (Jordan
1971).

K 17 [043]. Glochiceras percevali (Fontannes);’
Glochiceras cf. lithograpbicam (Oppel);
Taramelliceras n. sp., aft. prolithographiciem
(Fontannes); Targuatisphinctes habyensis Spath;
Lamellaptychus lamellosus (Parkinson): this
sample contains a new species of the Tara-
melliceras prolithographicum/Glochiceras lithogra-
phicum group, The peculiar tibbing on the flanks
of a large specimen is ruther similar to
Taramelliceras hemiplenra, while overall morpho-
logy, ribs, and nodés of the outermost part of the
flanks and the marginal and ventral region are
well comparable with stronger ribbed variants of
the 7. prolithographicum/G. lithographicum
group.

A similar, but smaller species of cthe same group
is 1. flandrini (Collignon 1960, pl. 147, fig. 583)
from the early Tithonian of Madagascar. "That
specics has a wider umbilicus, is stronger ribbed
and shows no nodes in the center of the external
side.

K 17 1044). Kutraliveias sp., Retraceramus cf.
haasti (Hochsteuer).

K 18 [045]. Torquatisphinctes sp.

K 18 (LG 16(1)]. Taramelliceras <f. prolithogra-
phicum (Fontannes) (Fig, 6C): an impression of a
partly preserved Zaramelliceras, The outer part of
the flanks is well abservable. These are ornamen-
ted wich falcace ribs, The inner part of the ribs is
not strongly curved, the outer part is curved for-
ward. The ribs bifurcate occasionally. The ends
of the ribs are marked by small tubercles. A row
of tuhercles is also observed on the venter. The
ribbing style is characteristic for Taramelliceras
prolithograpbicum (Fontannes). However, as we
cannot observe the inner parts of the Hanks and
the specimen is not complete, we determine it as
Taramelticeras cf. prolithographicum.

There is some affinity to 7. cf. rigidum as figured
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by Medina ez a/. (1983, pl. 2¢), but this determi-
nation does noc agree with the description of the
species by Holder (1955) and his illustration of
the holotype.

K 18 [LG 16(2)]. Aulacosphinctoides (?) sp. juv.
(Fig. 6D): this small specimen is ditficult to
identify, as young specimens of the génera
Aulacospbincroides, Katroliceras and Torquati-
sphinctes can be very similar and only the cross-
section could help to distinguish them (cf. Spath
1931). However, there is a rather good corres-
pondence between the shape of our specimen
and those of young Aulacosphinctoides as figured
by Spath (1931, pls 78/4. 79/7). Bearing in
mind the problems mentioned above, specimen
is best identified as Awlacosphincioides (2) sp. juv.
K 29 [LG 9(1)]. Neochetaceras (7) sp. (Fig. 7A): a
rather well-presesved fragment of 4 compressed
oppeliid with narrow umbilicus. The poor pre-
servation of the suture doés noc allow to decide if
the specimen belongs to-the Haplocens subelima-
tum group. As the overall shape is thar of
Neochetaceras (sce Oppel 1863, pl. 69/3), this
specimen can be assigned o Meachetoceras (2) sp.
K 29 [LG 9(2})]. Subplanitoielcs of, appeli Zeiss
(Fig. GE): an impression of a densely ribbed peri-
sphinctid fragment. A cast of the specimen is
very close to Subplanitojdes oppeli Zeiss (1968,
pl. 8/2). As the venter is not observable a deter-
mination as Subplauitoides cf. eppeli is justified.
K 29 [LG 10, LG 27]. Neochetoceras (2) sp.:
several oppeliid specimens, crushed. Similar
forms have been figured by Whitham & Daoyle
(1989, fig. 6¢). They agree in shape with
Neochetoceras. In order 1o exclude the possibility
that they belong to Preudolissaceras, the poorly
preserved remains of suture-lines were closely
obscrved. In the end we ate convinced that the
sutures suggest an assigninent to Neochetoceras
rather than to Prendolissocerds.

?K 29 [LG 28]. Glochiceras sp.: another oppeliid
specimen. 'The wider umbilicus suggests an assign-
ment to Glochiceras rather than to Neochetoceras.
K 30 [LG 3]. Kossmaria (?) cf. tenwistriata (Gray)
(Fig. 7B): fragment of a small ammonite. The
ribbing is rather fine and dense. The branching
point is situared in the upper part of the flanks.
On the inner part of the last whor! the seconda-
ries are bent forward. At the end of the shell the
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specimen is somewhat damaged and the bend is
not well preserved. The determination of such a
small specimen is difficult, especially when the
venttal side can not be inspected. Some affinity
exists to similar densely ribbed forms like
Kossimatia aft. renuistriea Geay (Thomson 1983,
fig. 3g) or somic Virgatosphinctes of the renuili-
neatus-burckhardti group (cf, Indans 1954,
pl. 13/1, 4). There is also some resemblance to
the inner whotls of a “Lithacoceras sp.”, as figured
by Whitham & Doyle (1989, fig. 6g). Judging
from the ribbing on the outer whorl, the form of
Whitham & Doyle does not belong o Litha-
coceras, but more likely o forms like Frunconites
tenuiplicatus Zeiss (1968, pl. 11/4). Para-
berriasella blondeti Zeiss (1968, pl. 12/2} is also
comparable to our form, but exhibits a different
development of ribs on the outer whorl. All these
forms come from the upper part of the lower
Tichonian. The determination as Kossmaror (?)
of. tenuisprintar is therefore only one of several
other possibilities.

K 31 [013, 038a-¢, 046, LG 12, LG 14,
LG 25, LG 29]. A 1 m thick bank with abun-
dant ammonites: ? Anlacosphincroides sp.;
Haploceras sp.; Oppeliidae indet.: ? Taramelliceras
sp.; Substreblites ot Uhbligites aff. kraffii (Uhlig);
Virgatasphinctes of. and aff. andesensis (Douvillé);
Virgatasphinctes sp.; Virgatosphinetes (Lithaca-
ceras) spw Lamellaptychus cf. lamellosus
(Parkinson); Virgatosphinctes alternecastatus
(Steiges):  Virgatosphinctes aff. australis
(Burckhardt).

[013]. ? Subsireblites ov Ubligites aff. kraffii
(Uhlig): a specimen of 47 mm in diameter, very
involute and with fine falcoid ribbing. It looks
like the specimens figured by Thomson (1979,
pls 2/q. 3/d, f) under the above mentioned
names. However, determuination is doubtful since
the venter could not be observed and the ribbing
is stronger.

(LG 29]. Virgatwsphinctes aliernecostatus (Steiger)
(Fig. 7C): half of the annnonite is presetved. The
ribbing style is similar wo V denseplicatus rorunda
{Sparh 1931, pl. 96/2), bur the umbilicus is
more natrow. In this respect “ Perisphinctes” alter-
necostatus Steiger (1914, pl. 104/1) fits better.
This species seems to belong to Virgatosphinctes
representing an intermediate form between the
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denseplicarus and cammunis group.

[LG 25]. Virgatosphincees aff. australis
(Burckhardt) (Fig. 6B): a fragmentary specimen
of Virgatosphincies with a rather narrow umbili-
cus, but with more distant, polygyratc and bifur-
cate ribs (cf. Indans 1954, pl. 20/6).

K 32 [LG 22, K 32]|. Subdichatomaoceras sp.; ?
Virgatosphinctes sp.

K 34 [020, 025, 03S, X8]. Virgatosphincees
[“Lithacoceras” Indans] sp.; Aulacasphincroides (2)
cf. patagoniensis (Favee in Tavera); Buchia cf.
hochstetteri (Fleming); Buchia sp.

[025]). Aulacosphincroides () cf. patugoniensis
(Favre in Tavera): 4 fragment of a rather large
perisphinctid. The bifurcation point is changing
in height between the inner third and the vuter
third of the flanks on the pepultimate and outer
whorl. Ribs an inner whorl splic up in half w
two thirds of the height of the flanks. There is no
virgatotome or polygyrate splitting of the ribs.
Single ribs are intercalated especially on the outer
half of the penuhimate and on the last whorl,
Since the specimen is fragmentary the assign-
ment o Aulacosphincroides remains questionable.
A designation 10 Torguatisphinctes could also be
possible. There is some athiniry ra specimens
figured as “Blanfordiceras patagoniense” (Favre)
Feruglio by Tavera (1970, pl. 3/8). However,
those forms are smaller, more coarsely ribbed,
and the high outer whorl of our specimen is
absent.

K 40-1 [LG 20). > Virgatosphinctes densistriatus
(Steuer) (Fig. 6A): an impression of a densely
ribbed, virgatosphinctid ammonite with a racher
narrow umbilicus, It has a good counterpart in
the specimen figured by Indans (1954, pl. 21/5)
as 'V densistriatus (Steuer), but there is also a dis-
tinct affinity to undescribed forms of
Catutosphincees Leanza & Zeiss (1992) from
Zapala, Argentina,

K 41. > Kawhiasphinctes f. antipodus Stevens: a
fragmenr, broken at about the level of midflanks
or slightly above. Only the outer half of the
flanks with straight and slightly prosiradiate ribs
can be observed. Any probable bifurcation point
of the ribs should be situated deeper. The flanks
are similar to the outer flanks of Kawhiasphinctes
antipodus Stevens (1997, pl. 32/3) or Virgato-
sphinctes aff. denseplicatus (Thomson 1979,

GEODIVERSITAS = 1999 = 21 (4)

Stratigraphy of Antarctica

pl. 14/a). However, the latter is more densely rib-
bed and does not fit well. The specimen is too
poorly preserved for any more precise identifica-
ton.

K 57. Blanfordiceras cf. weaveri Howlett: a speci-
men of 87 mm in diameter with an umbilicus of
ca. 40 mm. The venter is not preserved; of che
last whotl only one quarter is preserved. The rib-
bing is similar to that in specimens figured from
Antarctica as Blanfardiceras uneaveri by Howler
(1989, pl. 2/5. 7), but our form is more evolure
and the ribbing is somewhart coarser. The same is
true in comparison with the specimen figured by
Krantz (1928, pl. 3/4) or Weaver (1930,
pl. 3/356-357). The ribs divide above midtlank
and are widely spaced in the last quarter of the
whorl as in “Blanfardiceras wallichi™ Gray as figu-
red by Sceuer (1891-1892, pl. 16/1), There is
also some similarity to Blanfordiceras delgai
Collignon (1960, pl. 166/680).

[030]. Subsieuroceras or Paredontoceras sp. The
specimen is comparable o the one figured by
Olivero ¢t el (1980, pl. 1/2) from James Ross
Tsland, It is also similar to Kossmatiy carsensis
(Thomson 1975).

[A1]. Blanfordiceras cf. weaverr Howlett: this
ammonite stems from a moraine deposit above
the top of the section. The specimen is compa-
rable with “Beriassella subprivasensis” Kramz (in
‘Thomson 1979, pl. 7/i), which was included by
Howlett in his new species B weavers. It is also
similar to " Berriusella bebrendseni” of Feruglio

(1936, pl, 7/3-7.9).

Stratigraphic subdivision based on ammonites
Medina & Ramos (1981) and Medina et al.
(1983) described ammonites from Longing Gap
that can be assigned ro the early to middle
Kimmeridgian. Our new material did not
contain ammonites of this age.

In our section, the first horizons with ammonites
occur some 80 m above the base (K 16, K 17),
Thesc levels belong to the Jare Kimmeridgian
Hybonoticeras beckers zone, The presence of this
substage 15 also demonstrated by a specimen figu-
red by Whitham & Doyle (1989, fig. 6c) as
Hybonoticeras sp. This form appears to represent
the microconch of a new species of Hybonoziceras
(Hybonotella) which belongs to the group of
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H. beckeri. The specimen of Whitham 8¢ Doyle
can best bc compared with the inner whorls of a
macroconch figured as “Hybonoticeras
hybonatum™ by Collignon (1960, pl. 132/494)
from the “Kimméridgien moyen” of Madagascar.
Howcvcr, the species and age assignment of
Collignon cannot be affirmed.

The presence of Submediterranean raxa
(Virgatasioceras, Hybonotiveras) in Antarctica may
be astonishing. However, Zeiss (1971, 1979) has
shown thar these genera are widespread along the
eastern part of Africa (Ethiopia-Tanzania). Those
forms probably immigrated together with Indian
taxa (cf. Howlett 1989) via the Malagassian sca-
way into the Antarctic Region.

The early Tithonian Hybonaticeras hybonotum
zone is reached in concretion level K 18 as pro-
ved by characteristic Taramelliceras specics. In the
middle part of the Longing Member (K 29.
K 30-1) the ammonites may correspond with the
Mucronatum and Vimineus zones of Southern
Germany. They are comparable with Sub-
planitoides, Franconites and to the Pacific genus
Kossmatia.

Higher in thc scetion, some 70 ‘meters above the
former ammonite horizon, we find a typical
Virgatosphinctes fauna similar to that of the
Argentinean Neuquén Basin (K 31-K 32). This
fauna is assigned to the latc carly Tithonian
Mendozanus zone in Argentina.

Virgatosphinctes is prescnt up to level K 40-1. I
should be noted chat truc middle Tithonian ele-
ments of South America (Psendolissoceras and
Avdacosphinctes provimus) have not been discove-
red in Longing Gap so far. Reports from other
Antarctic localities are very doubtful, wo.
However, the Antarctic Virgatosphineres fauna
may also represent the middle Tithonian and
reach up even until the earliest late Tithonian.
The Virgatosphinctes-Hildoglochicerns assemblage
of Spiti was assigned to the middle Tithonian by
Krishna et al. (1982) and Enay & Cariou (1997)
assigned their Vigatosphinetes assenblage 10 the
late Tithonian. The latter is characterized by
V. denseplicatus which is also known from
Antarctica (Howlett 1989). I is especially remar-
kable that in the upper part of the
Virgatosphinctes beds of Longing Gap (K 34-
K 40) only densely ribbed forms predominate
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which do not branch up in"more than three
secondaries, The specimen of K 41 could be of
middle or late Tithonian age (cf. Stevens 1997;
Enay & Cariou 1997). We preliminarily assign
the beds above K 32 to the earliest late Tithonian
Deusiplicatus zone. Further investigationare
neccssaty to define the range of the
Virgatosphinctes fauna more precisely in the
Anuarctic region.

The firsc occurrence of Blanfordiceras s.s. is noted
in concretion level K 57 providing clear evidence
for late Tithonian. On Alcxander Island
(Howlert 1989) the Blanfordiceras fauna includes
Lytohoplites weavers, a true Lytohaplites. Species of
this genus have heen found in Chile (Biro-
Bagoczky 1984) in the Gorongoceras alternans
zone, the second zone of the late Tithanian in
South America. It corresponds approximately
with the zone of Parawlacosphinctes transitorius in
Mediterranean Europe, i.e., the middle part of
the late Tithonian, This is in agrcement with
Thomson (1979) and Howlert (1989) who
considered the Blanfordiveras zone as part of the
late Tithonian.

Some 30 i above K 57 follow beds that can
questionably be correlated with the Argentinean
Substenroceras koeneni zone. We can suppose the
Jurassic/Cretaceons boundary in these beds (cf.
Zeiss 1980).

Near the top of the section a Berriasian age is
suggested by Spiticeras (Spiticeras) according to
Whitham & Doyle (1989).

Neorth American radiolarian zones at Longing Gap
The hase of the Longing Gap Section is assigned
1o Zone 3 as indicared by the presence of Caneta
hsui(Pessagno) and the absence of Vallupus hop-
sopi Pessagno & Blome. Since neither Turanta
s.s. nor Hsim maxwelli Pescagno were tound,
we presume that the basal part of the Longing
Gap Section belongs to upper Subzone 3 alpha,
although the primary marker taxon Napora
burckhardti Dessagno, Whalen & Yeh was not
recorded (= exclusively Tcthyan marker raxon
according to Pessagno e al. 1987b). The secon-
dary marker waxa Larvicingula colemani Pessagno
& Blome (Fig. 5D) and Hsuum mclaughlini
Pessagno & Blome are present near the base indi-
cating Subzone 4 beta. However, thc primary
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marker taxon Villupus hopseni was not recorded,
although pantanelliids and even vallupins are
common in some samples and we have searched
for this species intensely. The last distinct hori-
zon before the evolutionary first appearance of
V. hopsout is K 14-1, K 15. Above those samples
V. bopsoni is absent, bur the scarcity of other pan-
tanelliids indicates char its absence may be due to
palcoceanographic factors,

The base of Zone 4-Subzone 4 beta is well defi-
ned by the first appearance of Villupus bopseni in
sample K 20-1. This is noted just above the first
Tithonian ammonites assigned to the Hybo-
notum zone:. The first occurrence of Vallupus
hopsont provides the most reliable daram in the
section, It will be discussed in detail below. Up
section V. hopsoni is continuously present in
samples witlt # higl toral pantanelliid abundance.
The top of Subzone 4 beta is marked by the last
appearance of l"en{pymfmm in concretion K 29.
Perispyridinm is represented by owo new spemes
within Subzone 4 beta (Kiessling 1999). It iy
continuously recorded in all better preserved
assemblages. The last occurrence of Peri-
spyridium is noted between amumonite assem-
blages assigned to the early Tithonian
Mucronatrm and Vimineus zones, respectively.
Matker taxa in Subzone 4 alpha and the suspec-
ted Zone 5 are rare. The base of Subzone 4 alpha
is characterized by abundant Pantanelliidae
including Vidlupus hopsoni and the absence of
Perispyridium. The last occutrence of V. hopsons
15 noted some 20 m above the ammonite horizon
that has been assigned to the late early Tichonian
Mucronatum zone, The upper boundary of Suby-
zone 4 alpha i$ poorly defined owing to the
absence of primary marker raxa. Ir is preliminari-
ly drawn berween the last occurrence of Parvicin-
gula colemani Pessagno & Blome and the first
occurrence of Widliriedelluns yueesti (Tan Sin Hok).
The radiolarian ages are without major contra-
dictions with regard 1o the zonation of Pessagno
et al. (1993). However, the secondary and corpo-
real marker taxa Llarvicingula colemani,
Parvicingula jonesi Pessagno s, and Hswum
mclanghling s.b. oceur slightly earlier than predic-
ted in Pessagno’s zonarion.

In summary, the Ameghino Formaton at
Longing Gap ranges from the Kimmeridgian to
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the early Berriasian. The Longing Member
ranges from the Kimmeridgian to probably the
earliest late Tithonian and the “Ameghino™
Member is assigned to che late Tithonian to catly
Berriasian. "T'he part of radiolarian Zone 3 expo-
sed at Longing Gap (top of Subzone 3 alpha) can
be assigned to the Kimmeridgian. The base of
Zone 4 is likely to coincide with the base of the
Tithonian or latest Kimmeridgian. The bounda-
ry between Subzone 4 beta and Subzone 4 alpha
is assigned to the middle parc of the early
Tithonian (sensu Gallico). The boundary bet-
ween Zone 4 and Zone 5 is less cleatly dehined a
Longing Gap. The vecurtence ot Spiticeras
(Spiticeras) approximately coincides with radiola-
rian assemblages preliminarily assigned to
Zoue 5. This would indicate that the boundary
of Zone 4-Zone 5 agrees with the Jurassic-
Cretaceous boundary. A more detailed discussion
follows below.

STRATIGRAPHIC SUMMARY OF BYERS PENINSULA
Radiolarians

No radiolarians could be extracted from the basal
section, but the middle section yielded several
exceptionally well preserved faunas (Figs 4, 8).
Most of the productive samples can be assigned
to Subzone 4 bewa. This is confitmed by the co-
occurrence of Vaillupus hopsoni and Perispyridium
near the base of the fertile sequence (LI 44). The
overlying concrerions lack Vallupinae {for paleo-
LeaanraPhlL erSO]lS) bU( COntElln [ )l’j'p)v’)l('/”lﬂ'l,
thus indicating Subzone 4 bera as well.

Near the top of the middle section, a well-preser-
ved fauna (L1 35) conwains Valfupus hopsani, but
lacks Perispyridium. This sample is, therefore,
assigned to the hase of Subzone 4 alpha.

No age diagnostie radiolarians could be extracted
from the upper section.

Awmmonites, belemnites and bivalves

First age diagnostic ammonites and belemnites
from the Upper Jurassic sequence were listed by
Tavera (1970) and Smellic et #/ (1980). Smellic
et al. (1980) found indication for Kimmeridgian
(Hibalites marwicki marwick: Stevens and
Subplanites sp.), early Tithonian (Belemnopsis sto-
leyi Stevens) and late Tithonian (Berriasella cf.
behrendseni Burckhardt). Without referring to a
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section they gave a “balanced” age of early
Tithonian for the “mudstone member”.

Crame et 2l (1993) found inocerams of the
Retroceramus hausti (Hochstetter) group near the
hase of the section suggesting (but not proving)
Kimmeridgian. Near the top of their section
Crame et af. (1993) found an ammonite-belem-
nite assemblage with Tithonian aftinities. We
could collect Berrtasells and 7 Blanfordiceras 25 m
below the upper boundary of the exposed
sequence providing evidence for late Tithonian.
Spiticeras (Spiticeras) cf. spitense (Blanford) was
found in the averlaying President Beaches
Formation. No ammonites were discovered in
the radiolarian-rich interval.

In summary, the Anchoragc Formation on Byers
Peninsula ranges from Kimmeridgian/Tithonian
to latest Tithonian. Radiolarians belonging to
Subzone 4 beta are stratigraphically closer to
what has been dated as Kimmeridgian than to
the Berriasella-bearing late Tithonian/Berriasian
(Fig. 4). The data support the conclusion that
Subzone 4 beta should be completely assigned o
the early Tithonian, although the evidence is less
convincing than at Longing Gap.

LATE JURASSIC RADIOLARIAN
BIOSTRATIGRAPHY

The biostratigraphic use of Late Jurassic radiola-
rians has only been recognized in the pase rwenty
years srarting with Dessagno (1977a). Since then a
number of Late Jurassic radiolarian zonatons have
been proposed. There are hasically four zonations
in use for different regions of the world.

1. The North American zonation: this zonation
dares back to the work of Pessagno (1977a). It
was completely revised by Pessagno ez al. (1984)
and refined later by Pessagno et al (1987h, 1993,
1994). The moast recent update of the North
American zonation was provided by Hull (1997).
The chronostratigraphic calibration of radiola-
rian zones was established using ammonite, cal-
pionellid and bivalve data.

2. The Tethyan zonation: a first zonation was
presented by Baumgarter ez /. (1980) based on
unitary associations. This zonation was conside-

GEODIVERSITAS = 1999 » 21 (4)

Stratigraphy of Antarctica

rably revised by Baumgartner (1984), chrono-
stratigraphicaily updated by Baumgarrner
(1987), and reached its current state by the com-
prehensive contribution of Baumgarrner et 4.
(1995a). The chronostratigraphic calibration of
radiolarian zones was established by using
ammonite, calpionellid and calcareous nanno-
fossil ages.

3. The “Japanesc” zonadions: several Japanese
scientists developed zonations which are mostly
applied o western Pacific sections, but are also
useful in the Tethys. The most widely used zona-
tion has been developed by Marsuoka & Yao
(1986) which was updated by Matsuoka (1992,
1995b). The chronostratigraphic calibration is
partly provided by ammonite and calcareous.
nannofossil data, but mostly relies on correlation
with dated Tethyan and North American radiola-
rian-bearing sequences.

4. The Russian zonations: zonations of the
Caucasus Region and the Russian Far East were
proposed by Tikhomirova (1988) and Vish-
nevskaya (1993). The Jurassic zones in the
Caucasus are calibrated by ammonites and apty-
chi, whereas the Russian Pacific margin is poorly
dated by Buchia sp. Lace Jurassic radiolarian stra-
tigraphy on the Russian platform is still in its
infancy with only one preliminary zonation avai-

lable (Kozlova 1994).

As explained above, we mostly applied the North
Amcrican radiolarian zonation for dating our
radiolarian samples. The primary, secondary and
corporeal markers of Pessagno ez /. (1993) thar
are present in Antarctica are listed in Table 1.
The application of the new Unitary Association
seratigraphy of Baumgartner et al. (1995a) is
hampered by the scarcity of Techyan taxa.
However, there are several species that have been
used in Tethyan zonations as well (‘Table 1). The
accurrences of species discussed below are indica-
ted in Figure 8, if they were traced in more than
onc sample. Species occurring in only one
sample are:

— LI 31: Avanthocireus furiosus Jud;

— K 8-1: Saitouns pagei Pessagno;

— K 12: Prosunuma japonicus Matsuoka & Yao;

— K 13: Sethocapsa rrachyostraca Foreman;
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TasLe 1. — Antarctic radiolarian taxa used in published zonations.

Radiolarian marker taxa used in
the North American zonation
(Pessagno et al. 1984, 1987b, 1993, 1994)

Radiolarian species used in
the Tethyan zonation
{Baumgartner et al. 1995a)

Bivallupus

Caneta hsui (Passagno)

Hsuum mcilaughtini Pessagno & Blome s.l.
Orbiculiforma lowreyensis Pessagno
Parvicingula blowi Pessagno

Parvicingula colernani Pessagno & Blome
Parvicingula excelsa Pessagno & Blome
Parvicingula jonesi Pessagno
Praeparvicingula vera {Pessagno & Whalen)
Perispyridiurm

Tethysetta boesii (Parona)

Vallupus hopsoni Pessagno & Blome

Acaeniotyle umbilicala (Rust) gr.
Acanthoeircus furiosus Jud

Acastea disphorogona {Foreman)
Angulobracchia biordinalis Ozvoldova
Tethysetla boesii gr. (Parona)

Crucella theokaftensis Baumgariner
Emiluvia chica Forerman

Emiluvia hapsoni Pessagno

Emiluvia pessagnei Foreman
Gongyiothorax favosus Dumitrica
Haliodictya (?) antiqu:a s.). (Rust)
Homosoparonaelia elngans (Pessagno)
Hsuumsp. afl. H. cuestaense Pessagno
(= Hsuurn melaughilini s.1.)

Hsuum feliformis Juc

Loopus$ primitivus (Matsuoka & Yao)
Napora pyramidalis Baumgariner
Perispyridium ordinanum (Pessagno) gr.
Podobursa spinoss 8.1, (Ozvoldova)
Podocapsa amphitreptera Foreman
Protunurma japonicus Matsuoka & Yao
Saitoum pagel Passagno

Sethocapsa trachyostraca Foreman
Suna schiodes (Foreran) s.|.,
Triactoyna iexicana Pessagno & Yang
Triactoma hthonianum Rast

Tritrabs rhodudactylus Baumgartner
Zhamoidellum ventricosum Dumitrica

— K 14-1: Haliodictya(?) antiqua (Riist) s.1.;
— K 23: Orbicubiforma lowreyensis Pessagno;
— K 27: Podobursa spinosa (Ozvoldova) s.l.

We first discuss the value of the North American
zonation and subsequently uy to link our data to
the zonation of Baumgartner et al. (1993a) and
Marsuoka (1995b). The Russian zonations are
not discussed, since their stratigraphic resolution
is either too coarse or they consider poorly defi-
ned species.

THE NORTH AMERICAN RADIOLARIAN ZONATION
The major pitfall of the North American zona-
tion is the reference to species absence in strati-
graphic assignment. As zonal boundaries are
defined by first or last occurrences of marker
taxa, the reliability of their absence has to be cri-
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tically evaluated for each scction or sample. This
can be achieved by observing the quantitative
distribution of marker taxa within their range
and by judging the possibility that species absen-
ce is merely a result of oceanographic, diagenetic
or stochastic bias.

As discussed above, we can recognize the North
American Zones 3 and 4, and probably zone 5 in
Antarctica. Zone 3 was originally assigned to the
carly Tithonian, but it has been demonstrated by
Baumgartner ez al. (19952) thar irs base may
reach down to the middle Oxtordian,

‘The base of Zone 4 was originally (Pessagno et al,
1984, 1987) calibrated by corrésponding closely
to the firse ocairrence of Crassicollaria internédia
(Durand Delga) and late Tithonian ammonites
in Mexico and by occurring below the Buchia
piochii zone of Jones et al. (1969) in California.
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TABLE 2. — Summary of modifications in the chronostratigraphic assignment of North American radiolarian zones resulting from our

new data.

Pessagno et al.

This paper

(1977a, b, 1984, 1987, 1993)

Base of Zone 5
Base of Subzone 4 alpha
Base of Zone 4

Tithonian/Berriasian boundary
early late/late late Tithonian boundary
early/late Tithonian boundary

Tithonian/Berriasian boundary?
Early Tithonian (Darwini zone)
Kimmeridgiar/Tithonian boundary

It was thus correlated with the carly
Tithonian/late Tithonian (sensi Gallico) bounda-
ry. Recently, this boundary was lowered to the
late early Tithonian (Pessagno pers. comm.
1997; Hull 1997).
The new results from the Anrtarctic sections
demand a revision of the chronostratigraphic
calibration for the base of Zone 4 and the base of
Subzone 4 alpha given by Pessagno ¢r al. (1993),
Before we do so, we have to check the reliability
of our radiolarian ages, especially referring to the
marker taxa of Pessagno er al. (1993).
The base of Zane 4 was originally (Pessagno et
al. 1984) defined by the first occurrence of
Acanthocircus dicvanacantbos and Vallupus hop-
soni. Since A. dicranacanthos is absent in
Anuarctica, due o the high paleolatitude, the
first occurrence of the pantnelliid Vallupus hop-
soni (Fig. 51) is crucial in our discussion. The
Austral characier of the radiolurians requires cau-
tion in the interpreation of the first occurrence
date of this species, Since the abundance (or pro-
hability of detection) of the pantanclliid sub-
family Vallupinae is correlated with the overall
abundance of 'antanelliidae, it is very unlikely to
detect Vallupus hapsoni in standard residues
(about 1 g in the Antarcric material), if pantanel-
litdds make up less than 5% of a radiolarian
sample. This fact may be partly responsible for
the crroncous correlation of Pessagno er al.
(1993). The abundance and diversity of panta-
nelliids was thought ro decrease rapidly with lati-
tude in the paleslatitudinal model of Pessagno &
Blome (1986). Although pantanelliids sim up 1o
50.1% in one sample from Longing Gap, their
abundance is srongly fluctuating 1n Antarcrica.
ln Longing Gap (Fig. 3) the first occurrence of
Vallupus hopsoni is noted in a sample (K 20-1)
with 12.1% total pantanelliid abundance. The
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samples taken from just 2 and 3 m below (K 18,
19) contain a rich radiolarian fauna, but vield
few pantanelliids. Only the samples K 14-1 and
K 15 provide firm evidence for an age older than
Subzone 4 bera. They conwin diverse and abun-
dant pantanelliids (15.6 and 13.8%, respectively)
and even some vallupins, but no Vallupus was
derecred. Our lase firm ammonite evidence for
the Kimmeridgian is from between K 15 and
K 18, but our first evidence of Tithonian stems
fromn the level of K218, Thus the first appearance
of Vallupus hapsoni is only reliable within a 40 m
thick interval separating K 15 and K 20-1.
Although we do have ammonite evidence for
early Tithonian below K 20-1 (Hybanotum
zone), we cannat reject 4 late Kimmeridgian age
for the base of Zone 4. ‘

The last occurrence of V. hopsoni has been used
as a corporeal marker within Subzone 4 a]p]m. At
Longing Gap concretion level K 33/34 is the last
horizon containing this species. This horizon is
dated as middle/late Tithonian and is probably
cquivalent to the Windhauseniceras internispino-
sum zone of Argentina. Although we are not able
to provide fitm evidence for this zone in
Ancarcrica (see discussion above), the presence of
V. hopsoni in the W. Internispingsim zone was
established by Pujana (1991, 1996) in Argentina.
In the Southern Alps, Subzone 4 alpha with
V. hupsoni was recorded in the late middle to ear-
liest late Tichonian Chitinoidella zone (cf.
Kiessling 1995).

Perispyricium (Fig. 5)) is the only other primary
marker taxon in Zone 4 thar is present in
Anrarctica. Tts last occurrence marks the wp of
Subzone 4 beta. The last accurrence of this genuy
provides a reliable datum, since Perispyridinm is
common throughout its stratigraphic range {with
two exceptions) and suddenly disappears in the
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Primary Marker Secondary and Corporeal Marker
Taxa Taxa
I ;
Ww| @| 5| Subzone5A Parvicingula jonesi
m| °| N
=z|e Ristola procera ; . :
<|= Subzone 4¢. | Ristola altissima Parvicingula colemani
Z—1 « Parvicingula excelsa
o @ . Orbiculif. lowreyensisi
|:E . |§1 — Vallupus hopsoni Hsuum mciaughlini |
=8 PerispyridiumJ ¥ Parvicing. jonesi
Subzone 4 | ;Acanthoc.dicranacanthos-* P. colemani
|

= v t L 2 t
< - 24
ol 2 SUbZoREisw Napora burckhardli 5 Y
2=
Tl | I I Turania =3
w .
=2 o Mirifusus guadalupensis Hsuum maxwelli
MR

o | N | Subzone 3§

- . I
<Z£ = Mirifusus baileyi Caneta hsui
o|la Parvicingula blowi
|3
QlE
X Subzone 2at Loopus
o = E r P

S| S |subzone 202 Parvicingula s.s. ;

Fia. 9. — New chronostratigraphic assignment ot the radiolarian blostratigraphy ot Pessagno {1977b), Pessagno et al. (1984, 1987,
1993, 1994, 1996). Our data allow a modification of the Zone 3/Zone 4 boundary and the boundary between Subzone 4 alpha and
4 beta. The lower zones were modified following Baumgarntner ef al. {1993a, fig. 13). Marker taxa thal are present in Antarctica are
printed in bald, In this figure we use the Tithonian sensu Gallico as do Pessagno ei al; however it should be noted that subzone

4 beta ends before the middle Tithonian sensu Gerth.

sequence. However, there is a reladvely thick
interval with only sparse radiolarian faunas above
the last record of Perispyridium in K 29. The first
radiolarian sample with a sure shsence of this
genus is K 30b, which is only a few meters below
the firsc record of the latest early Tithonian
(semsu Gerth) Mendozanus zone. Hence, the top
of Subzone 4 heta is assigned to the late carly
Tithonian (semsu Gerth = early early Tithonian
sensu Gallico).

According to Pessagno ef al. (1987), the lasc
occurrence of Parvicingula colemani is nored in
the upper part of Subzone 4 alpha (corporeal
marker taxon). In Longing Gap, the last samples
with P colemani s.l. are above the level with first
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evidence of berriasellid ammonites indicating
late Tithonian. Above the last occurrence of
P colemani no primary marker taxa (with the
exception of Parvicingula jonesi Pessagno) of the
Narth American zonation are present. However,
Hull (1997) used the last occurrence of suum
melanghling as a secondary marker o define the
top of Zone 4. This species is present near the
rop of the Longing Gap Secrion (K 65) which is
assigned to the Berriasian. This would indicate
that the top of Zone 4 should be assigned to the
early Berriasian, consistent with new results of
Pessagno er al. (1996). However, a relatively great
faunal change is noted in Antarctica from K 60
onward, approximately consistent with the
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Jurassic-Cretaceous boundary. Since no primary
marker taxa are present, we tentatively correlate
the Zone 4-Zone 5 boundary with the Jurassic-
Cretaceous boundary and the first occurrence of
Williviedellum ruesti (Tan Sin Hok) as figured in
Kiessling & Scasso (1996, pl. 2/14).

Considering the statements above, we can revise
the chronostratigraphic assignments of the North
American radiolarian zonadon (Table 2, Fig. 9).
We are currentdy not able to affirm whar led ro
the erroncous chronostratigraphic assignmenr of
the zones and subzones discussed above. They
may partly be due to the complex tecronic ser-
tings of both Mexico and California.

EVIDENCE FROM OTHER AREAS

The new chronostratigraphic assignmenr of the
Zone 3-Zone 4 boundary is supported by new
data from Germany,

Recent investigations in the Upper Jurassic of
Southern Germany produced # very well-preser-
ved and diverse radiolarian fauna in the
Maérnshetm Formation (Ziigel 1997) including
V. hopsoni. The Marnsheim Formation is correla-
ted with rhe upper pacr of the Hybonaticeras
hybonorn zone (Zeiss 1977) equivalent to an
carly early Tithonian age. In his ongoing work,
Ziigel (pers. comm. 1997) could recover V. fop-
soni also in the chert-bearing limestones of
Schamhaupten (Bavaria, Southern Germany).
The locality is currently assigned to the upper-
most Kimmeridgian (Bausch 1963).

In summary, the data from Germany do support
an older age for the Zone 3-Zone 4 boundary.
We can thus conclude that V. hopsoni first
appears very <lose to the Kimmeridgian/
Tithonian boundary. Other reports (Matsuoka
1992, Chiari et 2l. 1997) on the first occurrence
of V. hopsoni do also supporr this interpretation,
although rhey are not directly correlated with
ammonite data.

ZONATION OF BAUMGARINER ET AL (19958)

We have discussed above that the applicability of
the Terhyan unirary association zonarion (UAZ)
is resrricted owing to biogeographic differences.
Additionally, there is a general trend from assem-
blages containing Tethyan taxa at the base to
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assemblages with a high degree of endemism at
the top in the Ameghino Formation. However, a
limited comparison is possible, if we sum up all
our samples from the zones and subzones of the
North American zonation. Three of the new uni-
tary associations of Baumgartner et al. (1995a)
were expected o occur in Antarcrica:

—UAZ 11: late Kimmeridgian-early Tithonian;
—UAZ 12: early-early late Tithonian;

~ UAZ 13: lategt Tithonian-carlicst Berriasian.

We will show below that UAZ 10 is unexpected-
ly also presenr at Longing Gap.

Ar Longing Gap, our samples from Zone 3, Sub-
zone 3 alpha (K 2-K 15) contain the Tethyan
axa Acaeniotvle wmbilicata gr. (Fig, SL), Acustea
diaphorogona, Angalobracelia biordinalis,
Archacodrctyomitra minoensis, Crucellit theokaften—
sis (Fig. 5F), G{N/gy/nt/mm.\'_ﬁrzmms (Fig. SN),
Halivdictya () antiqua s, (Fig, SK), Hsunne sp.
aff. H. cuestaense, Napora pyramidalis, Peri-
.V)yridiuﬂ] aydinarium gr- (Fig. 5]), Protunuma

Japonicus, Saitoum pagei, Sethocapsa trachyostrava

(Fig. 5M), Triactoma mexivana, and Zhamui-
dellum ventricosum. This assemblage was noc
observed in the Tethys and trying to apply the.
UAZ 95 Icads to contradictory results. Tidactoma
mexicana (samples K 8-1, K 13) is prcdicrcd to
rangc not highcr than UAZ 9, but Acaeniotyle
umbilicua {(samples K 6, K 12, K 13, K 14-1) is
not supposcd to occur before UAZ 10. It is likely
that the total range of 7. mexicana is poorly defi-
ned in the UAZ considering the zonal assign-
ment of 7. mexicana to Subzone 4 beta by
Pessagno et al. (1989) and irs occutrence in
UAZ 12 in the Southern Alps (cf. Kiessling
1993). Gongylothorax favesus is nor reporred
above UAZ 10 according to Baumgartnet et al.
(1995a). This species was found only ac the very
base of the section (K 2, K 4) which may actually
be assigned o UAZ 10. The samples above K 4
are assigned o UAZ 10-11. There are not suffi-
cicnt Tethyan radiolarians to precisely define the
UAZ of Baumgarwer ef al. (1995a). However,
the application of the unpublished 127 UA range
chart on the lumped zove 3 fauna results in a
firm correlation wich UAZ 10 (Guex, pers.
comm. 1998). /riactoma mexicana ranges up ro
UAZ 11 in this recomputing,
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Within Subzone 4 beta the following raxa used
by Baumgartner ez «/. (1995a) are present in
Antarctica; Acanthocireus furiosus (Fig. 5H),
Acastea diaphorogona, Angulobracchia biordinalis,
Emiluvia chica, Entiluvia peisagnoi s.l.,
Gorgansinm sp., Hamacoparonuella elegans,
Hsuum aff. cuestaense, Hsuum feliformis {only
detected in Jumes Ross [sland), Leopas privuitivus
(Fig. 5B), Napora pyramidalis, Perispyridinm
ordinarium yr., Podobursa spinosa s.\., Podocapsa
amphitreptera s.l., Suna echiodes 5.1, (Fig, 50),
Triactoma tithonianum, Tritrabs rhododactylus
(Fig. 5G).

Again, there are sonie contradictions applying
the unitary association zonacion. Gorgunsinm
ranges from UAZ 3-8 according 1o Baumgartner
et al. (1995a), whereas Hsuum feliformis is
thought to occur not earlier than UAZ 13.
Leaving aside these problemaric taxa would result
in a correlation with UAZ 10 for the assemblage,
as defined by A. firrinsus (UAZ 10-20) and
H. elegans (UAZ 4-10). However, H, elegans only
occurs up to the middle part of Subzone 4 beta
at Longing Gap. Abave the last occurrence of
H. elegans the assemblage would be assigned to
UAZ 10-11. Again, the application of the
127 UA range chart helps 1o define the correla-
tion more precisely. Guex (1998, pers. comm.)
states that the lumped Subzone 4 bera fauna per-
fectly correlates with UAZ 11.

Only a few Tethyan raxa were found in the
assemblages assigned to Subzoue 4 alpha and
Zone 5: Gorgmzs)'mn sp., Hsuum atl. cuestaense,
Tethysetta boesti gr. (Fig. 5C), Triactoma tithvnia-
num arc present indicating UAZ 10-13. A more
exact correlation is not possible. Thus the pre-
sence of UAZ 12-13 cannot be proved in
Antarcrica.

The stratigraphic correlation of the North
American zones with the UAZ can be controlled
by new data from Europe (Kiessling 1993;
Chiari ¢t al. 1997; Ziigel 1997). V. bopsani was
reported from UAZ 10 (Chiari ez @/ 1997) to
UAZ 12-13 (Ziigel 1997, cf. Kicssling 1995,
1996). Two samples from the Southern Alps bear
V. hopsoni and lack Perispyridium and can thus be
assigned to the base of Subzone 4 alpha. The
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sample from Ponte Setra near Fonzaso (see
Kiessling 1996 for locality description) is from
the transitional interval between the
Ammonitico Rosso Superiore and the Maiolica
which has becn assigned to the lare middle to
earliest late Tithoman Chitinnidella zone by
Grandesso (1977). This sample (PS 13) contains
many species that make their first occurrence in
UAZ 13: Emiluvia chica decussara Steiger,
Obesacapsula  ruscoensis umbriensis  Jud,
Larenaella 3V rubulara Steiger, Pyramispongia
barnisteinensis (Steiget), and Syrfugocapsa ampho-
relfp (Jud). On the other hand, species like
Syringocapsa ipinellifera Baumgartner and
Williviedellum crystallinem Dumitrica are also
present. These have their last occurrence in
UAZ 12 and UAZ 11, respectively. Therclore,
PS 13 is preliminarily assigned to UAZ 12.

In summary the total range of ¥ Aapsoni is flom
UAZ 10 to at least UAZ 12. The related form
Vallupus japoniens has been shown by Marsuoka
(1998) to range up to the carly Berriasian
(UAZ 13). UAZ 10 radiolatian assemblages can
be observed from the base of the Longing Gap
Section (Kimmeridgian) up ro a horizon that has
been dated as early Tithonian by ammonices.
Baumgartner ¢z 2/, (19952) indicated a late
Oxfordian-carly Kimmeridgian age for UAZ 10,
Although Baumgartner e @/, (1995a: 1033) pro-
vide good evidence for this age, the age of the
succeeding UAZ 11 is much less well defined.
Considering the results above, we can conclude
that UAZ 10 ranges up to ar least the latest
Kimmeridgian Beckeri zone. The new correlation
of UAZ 10-13 with the North American zona-
tion and their chronostratigraphic assignment ate
indicated in Figure 10.

ZONATION OF MATSUOKA (19958)

The comparison with Matsuoka (1995b) is ham-
pered by the rather coatse stratigraphic resolu-
tion of Marsuoka'’s Late Jurassic zonation. Only
the Peudadictyomitra primitiva 2one can be wra-
ced in Anwrctica, owing o the absence of other
age-diagnustic taxa. This interval zone is defined
by the last occurrence of Hsuwm maxwellf at its
base and the first occurrence of Psendodictyormitra
carpattca (Lozynyak) at its wop. It 1s supposed to
range from the carly to the middle Tithonian.
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Fia. 10. — Correlation of the North American (Pessagno et al.
1993) and Tethyan (Baumgartner et al. 1995a) zonations for the
Kimmeridgian/Tithonian inlerval.

According ro Matsuoka (1993a, fig. 3), the
P primitiva zone ranges from the base of Zone 3
ro the top of Subzone 4 beta. Considering our
results and the corrclaton chart of Baumgartner
er al. (19954, tig. 13) this would imply a total
range of the 7 printit zone from the middle
Oxfordian to early Tithonian. However, as the
last occurrence of Hsnum maxwelli is noted
within upper Subzone 3 alpha according to
Pessagno et af. (1993), we suggest that the
Pseudodictyomitra primiting zone stars in the late
Kimmeridgian. Since Psendodictyomitra carpatica
is absent due ro biogeographical differences, the
top of the Pseudodictyomitre primitive zone can-
not bC dcﬁncd.

Alchough the ol range of Loapus primitivas
(= Pseudodictyoniitra primitiva) is uncerain
according to Matsuoka (1995h) its major occur-
rence is definitely wichin the Psendodiceyomitia
primitiva zone. At Longing Gap and Livingsron
Island, L. priwmitivus is found in Subzone 4 bera
and at the very base of Subzone 4 alpha. Trs first
occurrence coincides with the first occurrence of
V. hopsoni and its last oceurrence 1s noted slighely
above rhe lasr occurrence of Perispyridinm. This
agrees wirh a latest Kimmeridgian to probably
middle Tithonian age and is consistent with
Matsucka’s chronostratigraphic assignment for
the Pseudodictyomitra primitiva wone.
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CONCLUSIONS

New palcontological data from rwo Upper
Jurassic localities on the Antarctic Peninsula allow
the elaboration of a combined ammoeonite and
radiolarian stratigraphy, provide a high stratigra-
phic resolution and allow to revise current chro-
nostratigraphic calibrations of radiolarian zones.
The Ameghino Formation at Longing Gap
ranges from the Kimmeridgian to the early
Berriasian, whereas the Anchorage Formation ar
Byers Peninsula ranges from che Kitnmeridgian/
Tithonian to the latest Tithonian. Zone 3,
Subzone 3 alpha, Zone 4, Subzones 4 beta and
4 alpha and probably the base of Zone 5 could
be traced ar Longing Gap, whereas on Byers
Peninsula only Subzone 4 beta assemblages are
well cstablished.

The chronostratigraphic calibrarion of Zone 4
and its subzones as used in rhe North American
radiolarian zonarion (Pessagno ¢t @/, 1993) is
revised herein. The base of Zone 4 1s assigned to
the Kimmeridgian/Tithonian boundary interval
and the base of Subzone 4 alpha is located within
the early Tithonian.

The North Amertcan radiolarian zones can be
correlated with the unitary associadon zenation
(Baumgartner et @l 1995a). Uppermosr Zone 3,
Subzone 3 alpha correlaces with UAZ 10 and rhe
base of Zone 4 agrees with UAZ 11 in Anrarc-
tica. Higher up in the scquences no correlation
wirh the UAZ 95 is possible owing to increasing
biogeographical differences. Lvidence from the
Southern Alps suggests that Villupus hopsoni
ranges up to at least UAZ, 12,

The interval zonation used by Pessagno et al
(1993) has rhe advantages w be applicable (o tro-
pical as well as high laticude sertings and to rely
on only a few age diagnostic radiolarians,
However, rhe absence of marker taxa has 1o be
carefully proved, in order ro overcome preserva-
tional, paleaceanographic and stachastic biases.
Wirh the chronostratigraphic corrections in this
paper and those of Baumgariner et al. (1995a),
we hope thar the Nosth American zonarion can
now be applied everywhere without contradic-
tions. A major task for the future will be the defi-
nition of the Zone 4-Zone 5 boundary with the
aid of high latitude radiolarians.
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